PCir i BU4/bU37T 



Europaisches 
Patentamt 



European 
Patent Office 



Office europden 
des brevets 



BECD 05 Al 


PR 2004 


WlPO 


J» ; 



Beschei n ig u ng Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
— urspFQnglich eingereichten 
Fassung der auf dem nSch- 
sten Blatt bezeichneten 
europSi&chen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fix^s d 
cette attestation sont 
conformes-a-l a- ver-si on 
initialement d6pos6e de 
la demande de brevet 
europeen sp^cifiee d la 
page suivante. 



Patentanmeldung Nr. 



Patent application No. Demande de brevet n"* 

03100977.2 



03 

m 

I 

> 

00 

o 
o 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE Wrra RULE 17.1(a) OR (b) 



Der Prasident des EuropSischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 
Le President de rOfflce europden des brevets 

P.O. 



R C van Dijk 



f.... A An QAAA ^t\Mt\4M 



Europaisches 
Patentamt 



European 
Patent Office 



Anmeldung Nr: _ ^ . m nA n<t 

Application no.: 03100977.2 ✓ Date of filing: 10.04.03 

. Date de d6p6t: ^ 

Demande no: 

Anmel der/Appl IcantC s)/Demandeur( s) : 

Koninklijke Philips Blectronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 



Bezelchnung der Erf IndungAltle of the Inventlon/Tltre de 1 "Invention: 
(Falls die Bezelchnung der Erflndung nicht angegeben 1st. slehe Beschrelbung. 
If no title 1s shown please refer to the description, 
SI aucun titre n'est 1nd1qu6 se referer a la description.) 

Spatial image conversion 

In Anspruch genommene Prloriat(en) / PrIorltyCles) claimed /Pr1or1t6(s) 
sSat/TagS no./Pays/Date/Num6ro de depot: 



Internationale Patentklasslflkati on/International Patent Classification/ 
Classification Internationale des brevets: 

6D6T3/40 

Am Anmeldetag benannte Vertragstaaten/Contr acting states designated at date of 
f1l1ng/Etats contractants designees lors du d^pot: 

AT BE BG CH CY CZ DE DK EE ES FX FR GB GR HU IE IT LU MG NL 
PT SE SI SK TR LI 



03100977.2 

EPA/EPO/OEB Form 1014.2 - 01.2000 7001014 



2 



spatial image conversioii 



1 



10.04.2003 



The invention relates to an image conversirai unit for converting a first image 
wilii a first resolution into a second image wifli a second resolution being higher than the first 
resolution, the inrage conversion unit comprising: 

- a ooeffident-detenninmg m^sjOTjdet^^ a first filter coefficient on — 

basis of pixel values of tiie first image; and 

- an ad^tive filtering means for computing a seccmd pfatel value of Hie second 
image on basis of a first one of the pixel values of the first image and tiie first filter 
coefticient. 

The invention further relates to an image processing ^aratus, comprising: 

- receiving means for receiving a signal corresponding to a first image; and 

- an image conversion unit for converting fl»e first image into a second image, 

as described above. 

The invention further relates to a mefliod of converting a first image wifli a 
first resolution into a second image with a second resolution being higher than Ihe first 
resolution, liie metiiod comprising: 

- determining a first filter coefficient on basis of pixel values of the first 

image; and 

- computing a second pixel value of tiie second image on basis of a first one of 
the pixel -wilues of thie first image and flie first filter coefficient 

The invention fbrther relates to a computer program product to be loaded by a 
computer arrangement, comprising instructions to convert a first image with a first resolution 
into a second image wifli a second resohition being higher than the first resolution. 



The advent of HDTV emphasizes the need for spatial up-conversion 
techniques that enable standard definition (SD) video material to be viewed on high 
definition (HD) television (TV) displays. Conventional techniques are linear interpolation 
metiiods such as bi-Unear interpolation and methods using poly-phase low-pass mterpolation 
filters. The former is not popular in television applications because of its low quaUiy, but tiie 
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latter is available in commercially available ICs. With the linear methods, the nmhber of 
pixels in the fiame is increased, but the perceived sharpness of the image is not increased. In 
other words, the capability of the display is not fiilly exploited. 

Additional to the conventional linear techniques, a nimiber of non-linrar 
algorithms have been proposed to achieve this up-conversion. Sometimes tiiese techniques 
are referred to as content-based or edge dependent spatial up-conversion. A number of these 
up-conversion techniques have been described in an overview article 'Towards an overview 
of sfpatial up-conversion techniques", by Meng Zhao et al., in the proceedings of the ISCE 

.2002, Erairt, Germany, 23-26 September 2002,. 

The hett&r techniques are non-linear, as this is the only way to produce 
information in the additionally available sfpectrum. Since this additional information has 
never been registered by a camera, but estimated, flying assumptions about natural images, 
it is not inherentiy consistent over time. Indeed, artifacts occur that ^ear as ^'edge- 
business". 

It is an object of the invention to provide an image conversion unit of the kind 
described in the opening paragraph, which is arranged to provide images with an improved 
perceived result. 

This object of the invention is achieved in that the image conversion unit 
further comprises a low-pass fQter for filtering the second image. By low-pass iBltering noise 
reduction and time-consistency is achieved. Preferably the low-pass filtering is focused on 
that part of the spatial spectrum that has been introduced by the non-linear sfpatial up- 
conversion. Note that in current image processing architectures, noise reduction, if available, 
is performed prior to spatial up-conversion. A reason for that is that performing low-pass 
filtering after spatial up-conversion is relatively expensive because of storage requirements of 
intermediate results. Anoth^ reason is that the amount of computations is relatively high. 

The low-pass filter is a temporal filter, a spatial filter or a sspatio-tercporal 

filter. 

An embodiment of the image conversion unit according to tiie invention 
comprises a feature extraction unit for extracting features firom the first image or the second 
image. This feature extraction unit is arranged to control the low-pass filter. Preferably, the 
feature extraction unit is arranged to extract features from the first image. An advantage of 
applying the first image, being the original image which is not i5)-converted, instead of the 
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second image to control the low-pass filtering of the second imagp. is that flic conlrol is not 

disturbed by arti&cts caused by the iqi-conversion. 

In an embodiment of Ihe image conversion unit according to the invention, I3ie 

feature extraction unit is an edge detector unit for detecting edges in Ibe first image. 
Preferably this embodiment conqmses an edge-adaptive low-pass filter, which is designed to 
filter the second image along the edges. Alternatively, a K-nearest or sigma-nearest spatial 
filter is ^Med. Alternatively, the feature extraction vmit is an edge detector unit for detecting 
edges in the second image. 

la anoliier embodiment of the image conversion unit according to the 

invention, tiie feature extraction unit is a motion detector miit for conqmting a vahie 
representing tiie amount of motion in the first image, relative to a tiiird image of a series of 
images to which both tiie first image and tiie tiiird image belong. Preferably tiiis embodiment 
according to tiie invention comprises a recursive temporal low-pass filter. In tiiat case tiie 
value representing tiie amount of motion is ^lied to conttol tiie mixing ratio between tiie 
second image and tiie previously filtered image. A recursive temporal low-pass filter is 
relatively che^ and robust Alternatively, tiie feature extraction unit is a motion detector unit 
for computing a value representing tiie amount of motion in tiie second image, relative to a 
fourfli image of a forflier series of images to which botii tiie second image and tiie fourth 
image belong. 

In another embodiment of tiie image conversion unit according to the 
mvention, tiie feature extraction unit is a motion estimation unit for conq»uting motion 
vectors for respective groups of pixels of flie first image, relative to flntiier groiqw of pbcels 
of a tiiird image of a series of images to which bofli tiie first image and tiie titird image 
belong. Preferably tiiis embodiment accordmg to tiie invention comprises a recursive 
temporal low-pass filter comprising a motion compensation unit for motion compensation of 
apreviously filtered image. An advantage of flying motion compensation is tiiat even in 
tiie case of motion the image conversion unit provides high quaHly output images. 
Alternatively, tiie feature extraction unit is a motion estimation unit for confuting motion 
vectors for respective groiq)s of pfacels of the second hnage, relative to forflier ffoapa of 
pbcels of a fourfh image of a fiirflier series of images to which botii tiie second fanage and flie 

fourtii image belong. 

An embodiment of the hnage conversion unit according to tiie invention is 
arranged to selectively provide components in a predetermhied spatial firequency range of the 
second image, to flie ten^oral filter, tiie predetermined frequency range conesponding to 
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ftequencies, which are above the Nyquist frequency of the first image. In this embodunent 
according to the invention the low-pass filtering is focused on that part of the spatial 
spectrum that has been introduced by the non-linear spatial up-conversion. Other parts of the 
spatial spectrum substantially remain unchanged. 

An embodiment of the image conversion unit according to the invention 
comprises a band-split unit connected to the adaptive filtering means and being arranged to 
provide the components to the temporal filter. Alternatively, the image conversion unit is 
designed to subtract a linearly up-converted image derived from the first image fi-om the 
content-adaptively v^TC^onverted.^^^ image and is airanged to perform low-pass filtermg 
on the intermediate subtraction image followed by addition to the linearly iq>-converted 
image. 

It is a furlher object of the invention to provide an image processing apparatus 
of the kmd described in the opening paragraph, which is arranged to provide images with an 
improved perceived result. 

This object of the invention is achieved in that the image conversion unit 
ftmher comimses a low-pass filter for filtering the second image. The image processmg 
apparatus optionally comprise a display device for displaying the filtered hnage. The image 
processmg apparatus might e.g. be a TV, a set top box, a sateffile tuner, a VCSR. (Video 
Cassette Recorder) player or a DVD (Digital Versatile Disk) player. 

It is a further object of the invention to provide a method of the kmd described 
in the opening paragr^h, which provides images with an inxproved perceived result. 

This object of the invention is achieved in that the method fiirther comprises 
low-pass filtering of the second image. 

It is a further object of the invention to provide a computer program product of 
the kind described in the opening paragraph, which provides images with an improved 
perceived result 

This object of the invention is achieved in that the computer program product^ 
after being loaded, provides processing means with the capability to carry out: 

- determining a first filter coefficient on basis of pixel values of the first 

image; 

- computing a second jiixel value of the second image on basis of a first one of 
the pixel values of the first image and the first filter coefiBcien^ and 

- low-pass filtering of the second image. 
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Modifications of the image conveision unit and variations hereof may coiresfpond to 
modifications and variations thereof of the hnage processing ^iparatus, Ihe mefliod and Ihe 
campvtec program product described. 

These and other aspects of the image conversion unit, of the image processing 
^fparatus, of the mefliod and of the computer program product according to the invention 
-will become parent from and wiU be elucidated wilh respect to the in5)lementations and 

embodiments descEa)edh«di^«^\w - 

wherein: 

Fig. 1 schematically shows an embodiment of the image conversion unit 

according to the invention; 

Fig. 2 schematically shows an embodiment of the image conversion unit 
according to the invention, comprising a feature extraction unit for controlling the low-pass 
filter; 

Fig. 3 schematically shows an embodiment of the image conversion unit 
accordiiig to the invention, cooapising a first order temporaUy-recursive filter. 

Fig. 4 schematically shows an embodiment of the image conversion unit 
according to flie invention, comprising a first order temporally-recursive filter mcluding 
motion compraisation of flie previously filtered image; 

Fig. 5 schematically shows an embodiment of the image conv^on unit 
according to the invention, comprising a band-spUt unit connected to the adaptive filtering 
means and being arranged to provide conoponents of the second image in a predetermined 
spatial fi«quency range, to the low-pass filter; 

Fig. 6 schenmtically shows an embodiment of the image conversion unit 
according to the invention, comprising both a linear conversion unit and a non-linear 

conversion unit; and 

Fig. 7 schematically shows an embodiment of the image processing iq[»paratus 

according to flie inventionu 

Same reference numerals are used to denote similar parts throughout the figure. 

Fig. 1 schematically shows an embodimCTit of the image conversion unit 100 
according to the invention. The image conversion unit 100 is arranged to convert an input 
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image with a fiist resolution into an output image with a second lesolution being hi^er than 
the first resolution. Typically the input image is part of a input sequence video of SD 
(standard definition) images, which is provided at the input connector 1 10 of the image 
conversion unit 100 and the second image is part of a sequence of output HD (high 
definition) images. The image conversion unit 100 provides the sequence of output HD 
images at the output connector 112. The image conversion unit comprises: 

- A content adaptive up-conversion unit 102 which converts an input image 
into an intermediate image having a higher resolution than the input image; and 

- A low-pass filter 104 for filtenng Jhe intermediate image resulting into an 

ou^ut imagp. 

The content additive up-conversion unit 102 comprises: 

- A coefficient-determining unit 108 for detennining filter coefBcients on 
basis of pixel values of the input image; and 

" An adaptive filtering unit 106 for computing pixel values of the intermediate 
image on basis of pixel values of the input image and the filter coefficients derived fit)m the 
input image. 

The content adaptive up-conversion unit 102 is based on one of the up-conversion algorithms 
dracribed in the article 'Towards an overview of spatial up-conversion techniques", by Meng 
Zhao et al., in the proceedings of the ISCE 2002, Erftirt, Germany, 23-26 September 2002. 

The filter coefficient-determining unit 108, the ads^tive filtering unit 106 and 
the low-pass filter 104 may be implemented using one processor. NomiaUy, fliese functions 
are performed under control of a software program product. During execution, normally the 
software program product is loaded into a memory, like a RAM, and executed from there. 
The program may be loaded fi-om a background memory, like a ROM, hard disk, or 
magnetically and/or optical storage, or may be loaded via a network like Internet. Optionally 
an application specific integrated circuit provides the disclosed fimctionality. 

Fig. 2 schematically shows an embodiment of the image conversion unit 200 
according to the invention, comprising a feature extraction unit 202 for controlling the low- 
pass filter 104. The feature extraction unit 202 might be an edge detector unit for detecting 
edges in the input image. In that case the low-pass filter might perform a edge adaptive 
filtering as explained in the article *TBdge adaptive filtering: how much and which 
direction?*', by R. Jha and M.E, Jemigan, in the proceedings of IEEE Ditemational 
Conference on Man and Cybernetics, 1989, 14-17 November page 364 -366 vol. 1, 
Alternatively the feature extraction unit 202 is arranged to compute a value representing the 
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amount of motion in flie input image, relative to anottier inpat image. Preferably also Ihe 
direction of tite motion is estimated. In that case the feature ejrtiaction unit 202 is a motion 
estimation unit for computing motion vectors for respective groi^ of pixels of the input 
image, relative to finther groups of pixels of the other input image. The motion estimator is 
e.g. as specified in the article 'True-Motion Estimation witii 3-D Recursive Search Block 
Matching" by G. de Haan et. al. in BEEE Transactions on circuits and systems for video 
technology, vol.3, no.5, October 1993, pages 368-379. The low pass-filtering might be based 
on the algorithm disclosed in Ihe article 'TSToise reduction in image sequences usmg motion 
campensated .tengwral filtering, by E. D ubois and S. Sa bri, in IEEE, Transactions on 



10 Communication, no. 7, 1984, pp. 826-831. 

Fig. 3 schematically shows an embodiment of the ima^ conversion unit 300 
according to the mvention, con5)rising a first order tenq)orally-recursive filter 104. Ibe first 
order temporally-recursive filter 104 comprises a memory device 302 for temporarily storage 
of a recentiy filtered image. The filtered image is mixed with an intermediate image provided 

15 by the content adaptive up-conversion unit 102. The mixing is performed by means of the 
nmdng unit 304 which is controlled on basis of a parameter k which has been derived fi?om 
one or more input hnages by means of the feature extraction unit 202. The ou^ut of Ihe first 
order tenqiarally-recursive filter 104 is given by equation 1 : 

20 with pixel position x , input luminance value F(x,n) and output luminance value F^(x,n) . 

Fig. 4 schematically shows an embodim^ of tiie image conversion unit 400 
according to tiie invention, comprising a first order tempowdly-recursive filter 104 including 
motion conrpensation of the previously filtered image. This enibodiment according to the 
mvention compiises a motion estimation unit 404 and a motion conipensation unit 402, 

25 which is provided with motion vectors being estimated by tiie motion estimation unit 404. 
The previously filtered image is motion compensated relative tothe recentiy filtered unage 
before mixing by means of tiie mixing unit 304 is performed- Alternatively the recently 
filtered image is motion compensated relative to the previously filtered image before mixing 
by means of tiie mixing unit 304 is performed. (Not depicted). The parameter k , which is 

30 used to control the mixing ratio, might be computed by means of a separate feature exhaction 
unit 202. However, preferably tiiis parameter k is based on Ihe estimated motion vectors and 
is also computed by means of tiie motion estimation unit 404. That means tiiat the feature 
extraction unit 202 is optional or part of flie motion estimation unit 404. 
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Fig. 5 schematically shows an embodiment of Ihe image conversion unit 500 
according to the invention, comprising a band spKt miit 502 connected to the ads^tive 
ffltering unit 106 and being arranged to provide components of the second image in a 
predetermined spatial frequency range, to the low-pass filter 104. The predetermined spatial 
fiequency range substantially corresponds to frequencies, which are above the Nyquist 
frequency of the input image. In this embodiment according to the invention the temporal 
low-pass fiUtering is focused on that part of the spatial frequency spectrum that has been 
introduced by the non-linear spatial up-conversion. The other part of the spatial frequenqr 
qpeclram is provided to the adding unit 504, by the band spHtimit 502, to which also the 
temporarily low-passed image data is provided The worldng of this image conversion unit 
500 is explained below. An input image is up-converted to an intermediate image by means 
of Ae content ad^tive ui>-conversion unit 102. The fiequency components of the 
intermediate image are sfplit by means of the band-spHt unit 502 mto first spatial fi^uency 
components, which are below the Nyquist frequency of the input image, and second 
fi:equency componrats, which are above the Nyquist frequency of the input image. The 
second frequency components are provided to the temporally recursive fiJiter 104. The output 
of the temporally recursive filter 104 is mixed with the first spatial frequency components by 
means of the adding unit 504. 

Fig. 6 schematically shows an embodiment of the image conversion unit 600 
according to the invention, conaprismg both a linear conversion unit 602 and a non-lmear 
converaion unit 102. In this embodiment according to the invention, the low-pass filtering is 
focused on that part of the spatial frequency spectrum that has been introduced by the non- 
linear spatial up-conversion. Other parts of the spatial fi:equency spectrum substantially 
remain unchanged. The image conversion unit 600 con^rises: 

- A content adaptive up-conversion unit 102 which converts an input image 
having a first resolution into a first intermediate image having a second resolution which is 
higher than the first resolution; 

- A linear up-conversion unit 602 which converts the input image into a 
second intermediate image having the second r^olution; 

- A subtraction unit 604 for subtracting the second intemiediate image from 
the first intermediate image; 

-A low-pass filter 104 for filtering the subtraction image; 

- A combining unit 504 for combining the filtered subtraction image with the 
second ratermediate image. 
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Preferably flie image conversion unit 600 finther conqaises a fealuie extraction unit 202 for 
controlling the low-pass filter 104 as espisaned in connection with any of the Figs. 1-5. The 
working of the image conversion unit 600 is as follows. The second intermediate image, ie. 
the linearly up-converted image conaprises jfrequency components in the range below the 
Nyquist ftequency of the input image. However, the first intermediate hnage, i.e. fiie non- 
lineady up-converted image also comprises ftequency con^onents in the range above Ihe 
Nyquist ftequency of Ihe iiqwit image. By subtracting the second intermediate image ftom the 
first intermediate hnage the ftequency con^onents m the range above the Nyquist ftequency 
offb&m^M^SSJ^Mected. The subtraction image, ie. an tog e with relati ydy 
spatial ftequencies is subsequently low-pass filtered by means of a temporal filter, preferably 
a motion compensated first order temporarily recursive filter. Finally the filtered subtraction 
image is combmed with the second intermediate hnage, i.e. the Imearly up-converted hnage. 

Fig. 7 schematically shows an enibodhnent of the image processmg apparatus 
700 according to the invention, conaqprising: 

- Receiving means 702 for receiving a signal representing SD hnages. 

- The hnage conversion unit 704 as described in connection with any of tiie 

Figs. 1-6; and 

- A display device 706 fi» displaymg the HD output hnages of the hnage 
conversion unit 704. This display device 706 is optional. 

The signal may be a broadcast signal received via an antenna or cable but may also be a 
signal ftom a storage device like a VC31 (Video Cassette Recorder) or IMgital Vers^^ 

(DVD). The signal is provided at the mput connector 708. The hnage processmg q>paratus 
700 might e.g. be a TV. Alternatively the hnage processmg ^aratus 700 does not comprise 
the optional display device but provides HD hnages to an ^aratus tijat does comprise a 
display device 706. Then die hnage processmg ^aratus 700 might be e.g. a set top box, a 
sateffite-tuner, a VCR player or a DVD player. But it might also be a system bemg ^lied by 
a film-studio or broadcaster. 

It should be noted that the above-mentioned embodhnents illustrate rather than 
limit Ihe mvention and that those dolled m the art will be able to design alternative 
embodhnents without departing from the scope of the fended clahns. In the clahns, any 
reference signs placed between parentheses sOiall not be constoicted as Ihniting Ihe clahn. 
The word 'comprismg' does not exchide the presence of elements or steps not listed m a 
clahn. The word "a" or "an" precedmg an element does not exclude the presence of a 
plurality of such elements. The mvention can be hiq)lemented by means of hardware 
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comprising several distinct elements and by means of a suitable programmed computer. In 
the unit claims enumerating several means, several of these means can be embodied by one 
and the same item of hardware. 
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CLAIMS: 



1. An image conversion unit (100^00,300,400.500,600) for converting a first 

image with a first resolution into a second image vnAi a second resolution being higgler flian 
the first resohxtion. the image conversion unit (100,200.300.400,500,600) conq«ising: 

- a coefficient-determimng means (108) for delernrining a first filter 

coefficient on basis of pixel A^uesoflEefifstfinage; and 

- an adaptive filtering means (106) for computing a second pixel value of Ihe 

second image onbasis of afirstone of the pixel values of the first image andihe first filter 
coefficient, 

characterized in that Ihe image conversion unit (100,200,300.400,500,600) fiirflier comprises 
a low-pass filter (104) for filtering flie second image. 

2 An image conversion unit ^00,300,400,500,600) as claimed in claim 1, 

characterized in that the image conversion unit (100,200,300,400.500,600) comprises a 
feature extraction unit (202) for extracting features firom flie first image or tiie second image 
and tiiat the feature extraction unit (202) is arranged to control the low-pass filler (IM^^ 

3. An image conversion unit (200.300,400,500,600) as claimed m claim 2, 
characterized in tiiat tiie feature extraction unit (202) is an edge detector unit for detecting 
edges in the first image. 

4. An image conversion unit (200,300,400,500,600) as claimed in daim 2, 
characterized inlhat tiie feature extraction unit (202) is a motion detector unit for conqniting 
a value representing die amount of motion in tiie first image, relative to a tiiiid image of a 
series of images to which botii die first image and die flurd image belong. 

5. An image conversion unit (200,300,400,500,600) as claimed in claim 2, 
characterized in tiiat the feature extraction unit (202) is a motion estimation unit for 
conqniting motion vectors for respective groiq>s of pixels of die first image, relative to fiirfher 
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groups of pixels of a llurd image of a series of images to which both the first image and the 
tbiid image belong. 



6. An image conversion unit (100^00,300,400,500,600) as claimed in claim 1, 

5 characterized in that Ihe low-pass filter (104) is a temporal filter. 



[) 



7. An image conversion unit (400,500) as claimed in claim 6, characterized in 
that the low-pass filter (1 04) is a tenqxnal recursive filter comprising a motion compensation 

..unit (402) for motion compensation of a previousferffltered image. 

8. An unage conversion unit (500,600) as claimed in clahn 6, characterized in 
being arranged to selectively provide components in a predetermined spatial fiequency range 
of the second image, to tiie temporal filter, ihe predetermined fiequency range corresponding 
to fi»quencies which are above the Nyquist fi-equency of the first image. 



im 



9. An image conversion unit (500) as claimed in claim 8, characterized : 
comprising a band-spUt unit connected to Ihe adaptive filtering means and bemg arranged to 
provide the components to the temporal filter. 

10. An image conversion unit (100,200) as claimed m claim 3, characterized in 
that the low-pass filter (104) is an edge-ad^ve spatial low-pass filter. 

^ ^ • An image processing ^aratus (700), comprising: 

- receiving means for receiving a signal corresponding to a first image; and 

- an image conversion unit (100,200,300,400,500,600) for converting the first 
image into a second image, the image conversion unit (100,200,300,400,500,600) as claimed 
in claim 1. 



12. An image processmg ^paratus (700) as claimed in claim 1 1, characterized in 
further comprismg a display device (706) for displ^g die low-pass filtered second hnage. 

13. An hnage processmg ^jparatus (700) as claimed in claim 11, characterized in 
thatitisaTV. 
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14. Amelhodof converiangafctimagevdthaflcstresolu^ 

image with a second resolution being higher than the first resolution, the method comprising: 

- determining a first filter coefficient on basis of pixel values of tiie first 

image; and 

. conq)uting a second pixel value of the second image on basis of a first one of 
the pixel values of the first image and the first filter coefficient, characterized in con^rising 
low-pass filtering of the second ima^. 

15, A computer program product to be l oaded bv a com puter arrangement^ 

comprising instructions to convert a first nnage with a first resolution into a second image 
with a second resolution being higher than the first resolution, the computer arrangement 
comprising processing means and a memory, flie conqputer program product, after being 
loaded, providing said processing means with the c^)ahili1y to carry out 

- determining a first filter coefficient on basis of pixel values of the first 

ima^; 

- confuting a second pixel value of the second image on basis of a finft one of 
the pixel values of the first image and the first filter coefficient and 

- low-pass fihering of the second ima^. 
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ABSTEIACT: 



ter 



The inventicm relates to an iinage cmversicm umt (100) 
iaput image with a &st lesoliiticm into an oii4>ut hnage wit^ 
than the first resolution. The image conversion unit (100) conqttises: a coefficient- 
determining means (108) for determining a first filter coefficient onbasis of pixel valuesof 
flie inpat image; and an a^veStering means (106) for computing a sec<ma:i^value of 
an intermediate image onbasis of a first one of the pixel values of the ii5,ut image and the 
first filter coeffidenn and a low-pass filter (1 04) for filtering the intermediate image lesukmg 
in tiie output image. 
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